ABSTRACT: Physical, chemical and microbiological properties of soils were studied in black walnut (Juglans nigra L.) stands and compared with those in stands of natural species composition, in mixed stands of black walnut with linden and in pure oak stands. The objectives were to consider a possibility of black walnut planting at floodplain sites in the alluvial area of Southern Moravia. The first results did not show any worsening of soil properties and soil production potential. A positive amelioration effect of soilimproving species was proved in black walnut stands. 
JOURNAL OF FOREST SCIENCE, 48, 2002 (11): 486-498 Black walnut (Juglans nigra L.) is an introduced North-American tree species that has been cultivated in Europe for more than 300 years. The relatively extensive original range of black walnut covers Eastern and Central parts of North America. Forest management of black walnut can be traced first in Ruhrland, Germany and in the area around Strasbourg, France. Within the territory of the Slovak Republic, black walnut stands were cultivated in warmer areas of Southern and Western Slovakia, predominantly in lowlands and along the Váh, Hron and Nitra rivers. The largest areas of man-made black walnut plantations are encountered in the lower reaches of the Hron river, about 43 ha in the vicinity of Želiezovce (MÁJOVSKÝ, KREJČA 1965) .
In the Czech Republic, black walnut is cultivated only in Southern Moravia, in Židlochovice management-plan area, Strážnice management-plan area and in Znojmo forest district. In these areas black walnut replaced the original Ulmeto-Fraxineta communities. The tradition of black walnut cultivation in South Moravian forests boasts 200-years-old history. The stands are either cultivated as monocultures or as mixed stands with the understorey of small-leaved linden (Tilia cordata L.). According to the Forest Management Plan data the total area of black walnut stands in Židlochovice Forest Enterprise takes up 258 ha of timber land (reduced area). Almost three fifths (154 ha) of the total area of black walnut stands are encountered on the alluvia of the Svratka and Jihlava rivers. The peak of black walnut cultivation can be traced back to the 1940s and 1950s. The total area of black walnut stands managed by the Forests of the Czech Republic, State Enterprise, in the territory of the Czech Republic takes up 526 ha of reduced area.
More than 80% of black walnut stands were planted at sites that can be classified as 1L forest type -elm floodplain forest (HRIB 2001) . Within this group of forest types we can encounter the following forest types most frequently: Ulmeto-Fraxineta carpinea on drift brown soil (1L2), on light-textured drift soil (1L4), on heavy-textured drift soil (1L1), even on heavy-textured gley soil (1L9). Almost one half (47.1%) of the present stand area falls into the category of special purpose forests -pheasantries. The majority of stands were sown and agroforestry was implemented simultaneously. Taking into account the generally low proportion of black walnut stands in the forests in the Czech Republic and considering the possibility of alternative use of black walnut in place of imported exotic species, we expect the extension of its stands in localities with favourable site conditions.
The aim of this project was to evaluate soil conditions in black walnut stands. We also tried to answer a question whether the long-term cultivation of black walnut at sites belonging to the group of 1L forest type does not result in the deterioration of soil quality and whether it does not cause the deterioration of soil production potentials.
MATERIAL AND METHODS

SITE CHARACTERISTICS
Forest stands that were chosen for comparative tests belong to Židlochovice Forest Enterprise. They are situated on the alluvia surrounding the confluence of the Svratka and Jihlava rivers. The matrix in these localities consists of alluvial sediments that provided the base for Fluvisol formation.
With the objective of carrying out our tests, we determined 10 sites differing in age (young, middle-age and mature stands) and in species composition (pure black walnut stands, mixed stands of black walnut and linden, pedunculate oak monocultures, to provide a double check, we included stands of natural species composition with dominant oak and ash). Table 1 gives a full list of test sites.
Sites 1-6
Židlochovice Forest District, Forest Range: Uherčický les pheasantry
The Svratka river alluvium -altitude: 175-180 (200) m above sea level -area percentage of the main tree species cultivated in the forest district: oak 33%, ash 11%, black walnut 10%, poplar 10% -main commercial, most frequently represented species: oak, ash, black walnut, poplar -dominant group of forest types in the forest range: 1L (about 5% of 1G) -mean annual air temperature: 8.4°C -mean temperature in the vegetation period (April-September): 14.8°C -mean annual precipitation: 551 mm -mean precipitation in the vegetation period (April-September): 350 mm.
Sites 7-10
Velký Dvůr Forest District, Dlouhá leč Forest Range The Jihlava river alluvium -altitude: 169-177 (198 m) m above sea level -area percentage of the main tree species cultivated in the forest district: oak 25%, poplar 19%, robinia 17%, ash 12%, black walnut 5% -main commercial, most frequently represented species: oak, ash, black walnut, poplar -dominant group of forest types in the forest range: 1L (about 4% of 1G) -mean annual air temperature: 9°C -mean temperature in the vegetation period (April-September): 15.6°C -mean annual precipitation: 499 mm -mean precipitation in the vegetation period (April-September): 319 mm.
SAMPLING
At two sites in each group, soil pits were dug out, their description was carried out and physical samples were . Individual samples were taken from the humus horizon (horizon A) in such a way that the entire thickness of the horizon was represented. At chosen sites samples for chemical analyses were taken from the subsurface horizons of the pit.
For microbiological and biochemical analyses a composite sample was taken at each site from 5 different sampling places. Table 2 gives a list of analysed samples and the extent of individual analyses.
Disintegrated samples were dried up and screened into fine earth < 2 mm. Nondisintegrated physical samples were taken from the A1n and M1 horizons and analysed immediately upon sampling. Samples for microbiological and biochemical analyses were put in plastic bags and stored in a portable refrigerator and transported into the laboratory. Analyses of these samples were launched within 24 hours at the latest.
LABORATORY ANALYSES
Activity of hydrogen ions (pH) was measured in a soil suspension by a glass ion selective electrode.
Content of available nutrients was determined by Mehlich III method (ZBÍRAL 1995) : soil was extracted with a solution containing ammonium fluoride and ammonium nitrate, the acidity of the solution was adjusted by acetic and nitric acid. The extraction solution simulates well the availability of nutrients in the soil to plants. After eliminating undesired impacts by adding lanthanum, the concentration of magnesium and calcium in the extract was determined by the method of atomic absorption spectrophotometry. The concentration of potassium was determined by flame photometry. The concentration of phosphorus was determined by spectrophotometry from molybdenum blue, following a reaction with molybdenum in an acid medium.
Content of total nutrients (P, K, Ca, Mg and others) was determined after the soil had been extracted with boiling aqua regia by the method of optical emission spectroscopy, by flame atomic absorption spectrophotometry or by spectrophotometry (in the case of phosphorus).
Content of carbon and nitrogen was determined by an automatic analyser LECO CNS-2000. After incinerating an exact charge of sample in 1,000°C in a blast of oxygen, the released elementary carbon and nitrogen convert into CO 2 , NO 2 and NO x and can be detected on infrared (CO 2 ) and heat-conductive (nitrogen oxides) cells.
Cation exchange capacity and exchange acidity Cations bound in the sorption complex of soil are displaced during soil extraction with a dilute solution of barium bichloride. The contents of calcium, magnesium, potassium, sodium, aluminium, iron and manganese in the extract were determined by the ICP-AES method or the AAS method. The resulting cation exchange capacity was determined by adding the content of potassium, calcium, magnesium and sodium into the sorption complex of soil. The quotient of hydrogen ion saturation was determined by titration of the extract up to pH = 7.8 or from the aluminium, iron and manganese content.
Determination of biochemical parameters -basal microbial respiration
A sample of fresh soil (20 g) was incubated at 25°C for 48 hours in 300 ml NTS bottle over 20 ml H 2 O and consequently for 24 hours over 20 ml of NaOH (c = 0.05 mol/l). The released CO 2 was determined by regressive (back) titration of HCl (c = 0.1 mol/l) to phe- nolphthalein after the precipitation of barium carbonate with 2 ml of BaCl 2 (c = 0.5 mol/l). The result is in mg of carbon dioxide released from 100 g of soil per day.
Determination of biochemical parameters -nitrification test
A quantity of nitrates in the original fresh sample is determined. It helps assess oxidation processes in soil -the conversion of ammonium in nitrates.
Determination of nitrates was carried out in soil sample (eluted with 1% solution of aluminium-potassium sulphate) on an ion selective electrode by employing the method of direct potentiometry, using a calibration curve. The amount of nitrates is given in mg N-NO 3 -in 100 g of dry matter. Nitrification activity A fresh sample (10 g) moistened with 3 ml of water was incubated at 25°C for two weeks. At the beginning and at the end of incubation the amount of nitrogen in ammonium and nitrates was determined. The rate of nitrification is expressed as an increase in nitrate nitrogen in the course of 8 days. Nitrification activity is expressed in mg NO 3 per 100 g of dry matter within one day.
Determination of microbiological parameters
The amount and qualitative composition of soil microflora was determined by indirect cultivation methods in nutrient media suitable for the most important physiological groups of the main soil microbe communities, specifically: -aerobic bacteria on nutritive agar (NA) -aerobic bacteria on Thornton's agar (TA) -aerobic bacteria on starch agar (SA) -micromycetes on Jensen's agar (JA) -azotobacter on Ashby's agar (AA) -actinomycetes on starch and Thornton's agar (SA, TA). The detected counts for monitored groups of soil microorganisms were given per 1 mg of sample dry matter.
Microbiological analyses of soil samples were performed by the Agency of Nature and Landscape Protection in the CR, Brno Laboratory.
RESULTS AND DISCUSSION
Soils of the monitored area on the alluvia of the Svratka and Jihlava rivers, which house the largest area of black walnut stands in the Czech Republic, can be characterised as typical Fluvisol. Surface humus is in the form of mull. The total annual leaf fall in black walnut stands was determined in relation to the age of the respective stands from 1.47 to 2.41 t per ha per year, in mixed black walnut and linden stands it was 2.86 and 3.46 t per ha per year and in oak stands from 2.80 to 3.47 t per ha per year (Table 3) . The amount of leaf fall is determined by the age of the stand rather than by its species composition (Fig. 1) . According to , in a floodplain forest (Lednice na Moravě) where oak (Quercus L.) at the age of 85-104 years was a dominant species and linden (Tilia cordata) at the age of 51-56 years and ash (Fraxinus ssp.) at the age of 85-88 years were associated species the leaf fall was 5.65 t per ha/year. The leaf decomposition is fast, virtually all the leaves decompose fully within a year. GRUNDA (1985) found out that 75% of leaf mass in a floodplain forest decompose within a year while the remaining 25% come in the form of cellulose which decomposes gradually. Leaves decompose in relation to the given tree species characteristics, climatic conditions and the quantity and quality of the respective phytoedaphon. Under black walnut stands (sites 3, 4, 8, 10) , provided that all the leavesfully decompose, the following amount of nutrients gets into the soil: 16.4-30.8 kg/ha N, 57.6-90.7 kg/ha Ca, 3.5-6.5 kg/ha K, 6.7-12.6 kg/ha Mg and 1.9-3.5 kg/ha P. Under black walnut and linden stands (sites 2, 5) it amounts to 41.3 and 41.2 kg/ha N, 86.3 and 107.6 kg/ha Ca, 10.5 and 13.8 kg/ha K, 11.5 and 15.2 kg/ha Mg, 3.6 and 4.9 kg/ha P. Oak monocultures (sites 6, 7, 9) show the following data: 40.1-52.8 kg/ha N, 42.0-58.4 kg/ha Ca, 9.4-10.1 kg/ha K, 7.2-11.3 kg/ha Mg and 4.1-5.3 kg/ha P. In stands of natural species composition (site 1) the quantity amounts to 47.4 kg/ha N, 69.9 kg/ha Ca, 10.0 kg/ha K, 9.6 kg/ha Mg and 5.4 kg/ha P ( Table 3) .
The upper layers of soil to a depth of 10 cm have predominantly loamy texture, crumb structure and the remaining physical properties are balanced (Table 4) . The relatively heavy soil at sites 3 and 5 and lighter soils at site 7 are an exception to the rule. The balanced physical soil properties are conditioned by soil preparation for forest regeneration: mostly whole-area soil preparation (subsoil ploughing) with initial stumping. Central parts of soil profiles have a predominantly loamy texture as well, but they are more compacted and their structure is rather polyhedral or prismatic. Lower parts of soil profiles have a predominantly clay-loam texture and show gleying. In several cases (sites 1, 2) the so-called buried soil horizons with higher content of humic agents were detected. The thickness of alluvial silts is more than 2 m and the groundwater level fluctuated between 148 and 267 cm in 2000, and between 129 and 221 cm in 2001.
Soil reaction in the Svratka river alluvium (sites 1-6) is neutral, with the exception of the pure oak stand at site 6, pH/H 2 O values being slightly over 7. In the alluvium of the Jihlava river (sites 7-10) the soil reaction is almost neutral, pH values fall slightly under 7, with the exception of site 10 (Table 5) . Black walnut cultivation for the period of 20-60 years did not result in the deterioration of soil reaction. On the contrary, statistically lower pH values were detected under oak monocultures (Fig. 2) . C/N values (11.4-12.6) and C/P values (33.5-56.5) correspond to the L-Mull form of surface humus (MEIWES et al. 1986 ). The adsorption complex of the analysed soils (Table 5) is highly saturated (BS 78.6-91.6%) and the available nutrients are sufficiently abundant (Fig. 2) . The total nutrient reserve in the upper soil layer to a depth of 10 cm, which is directly influenced by leaf fall and decomposition processes, is presented in Table 6 . This table shows that within the first group of forest stands the highest content of total and available nutrients was detected under natural mixed stands (oak, ash, poplar), it was lower under black walnut and linden stands and the lowest values were detected under pure black walnut stands. In the second group of stands the nutrient conditions were more favourable in black walnut and linden stands (site 5) when compared with pure oak and black walnut stands. Similarly, in groups 3 and 4 soils under black walnut stands (sites 8, 10) were better supplied with Fig. 2 . pH, C/A, C/P ratios and available nutrients in 0-10 cm soil layer Note: 1 -oak + ash + poplar, 2 -black walnut + linden, 3 -black walnut, 4 -black walnut, 5 -black walnut + linden, 6 -oak, 7 -oak, 8 -black walnut, 9 -oak, 10 -black walnut nutrients than those under oak monocultures. The order of tree species in relation to a decreasing nutrient reserve in soil is as follows: (oak + ash + poplar) > (black walnut + linden) > black walnut > oak. In most cases this order corresponds with the content of elements in leaf fall. Potential respiration activity ( Table 7) that measures the speed of decomposition of organic matter in soil does not show a definite trend in relation to the stand species composition.
The nitrification activity of soil micro-organisms in pure black walnut stands was always lower when compared with the other stands (Fig. 3) . The counts of aerobic bacteria, which are dependent on the decomposition of nitrogen-containing organic matter, were higher under pure oak and black walnut stands than those under mixed stands. The counts of starch-eating and mineral nitrogeneating bacteria fluctuated regardless of the respective tree species. The counts of aerobic bacteria exploiting nitrogen from NO 3 and carbon from amino acids and high alcohols fluctuated at individual sites as well, this group of microorganisms being significantly abundant in pure oak and black walnut stands. The counts of actinomycetes were relatively low and did not show any significant dependence on the given tree species (Fig. 4) . Azotobacter (as a free binder of atmospheric nitrogen) was not detected. The counts of micromycetes slightly increased in relation to soil acidity. The generally more favourable values of the monitored parameters in mixed stands of black walnut and linden evidence the significant soil improving function of linden. Experience from abroad verifies the favourable influence of interplanting black walnut with other species. (1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) oak, (8) black walnut, (9) oak, (10) black walnut
Interplanting black walnut with nitrogen-fixing woody species is expected to improve soil nitrogen fertility and thereafter to improve the growth of black walnut trees. Many trials with interplanting were made in America: DAWSON and VAN SAMBEEK (1993) interplanted black walnut (Juglans nigra L.) with four different nitrogen fixing woody nurse crops (Alnus glutinosa, Elaeagnus umbellata, E. angustifolia or Caragana arborescens). Interplanting increased walnut's annual height and stem diameter (dbh) growth by as much as 50% and doubled or tripled its crown volume compared with check plots. Walnut interplanted with non-nitrogen fixing, woody nurse crops (Lonicera maackii, Acer ginnala or Pinus sylvestris) did not grow significantly more than walnut in check plots. The results indicate that nitrogen fixing nurse crops can be superior to non-nitrogen fixing nurse crops in promoting walnut growth. Moreover, CAMP-BELL and DAWSON (1988) evaluated interplanting black walnut with European black alder (Alnus glutinosa) or autumn olive (Elaeagnus umbellata) and their effects on the growth, yield and economic value of black walnut (Juglans nigra) plantations. Interplanting with nitrogenfixing species increased the projected growth and yield of walnut in comparison with the check plot (pure walnut). Associated present values of black walnut were higher with autumn olive than those with black alder. Note: (1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) From five interplanted tree species (Acer saccharinum, Eleagnus umbellata, Robinia pseudoacacia, Pinus strobus and Fraxinus americana) ALTHEN et al. (1989) consider silver maple to be best for interplanting with Juglans nigra. Best competition control and height growth of black walnut was noted in mixtures with silver maple at spacing of 2 m between rows and 1.5 m within rows, while foliar N in walnut was lower in mixtures with silver maple than (1) oak + ash + poplar, (2) black walnut + linden, (3) black walnut, (4) black walnut, (5) black walnut + linden, (6) oak, (7) KOHÁN (1999) were situated in uninundated alluvia of the rivers Latorica, Tisa, Hron and Dunaj, in terms of forest typology in floodplain hornbeam-ash stands (hardwood floodplains). The intensively managed stands were established at 4 × 2 and 2.5 × 2.5 m, in contrast to the spacing of 2 × 1.5 and 2.5 × 1.5 m used under traditional management. Silvicultural treatments (cleaning and selective thinning) were also very important under the intensive management system, which resulted in improved stand structure, standing volume and basal area.
Most authors are consistent on the question of the best soil conditions for black walnut. It is considered that deep, well-drained neutral soils that are moist, rich and fertile are the best for black walnut trees (CAMPBELL et al. 1989; DUKE 1983; POKORNÝ 1953; WILLIAMS 1990 ; www.bluehen.ags.udel.edu; www.fs.fed.us; www.museum.state.il.us, and others). These soils are in the orders Alfisols and Entisols. Walnut grows best on sandy loam, loam, or silt loam textured soils but it also grows well on silty clay loam soils. Soils with these textures hold large amounts of water that is available to the trees during dry periods of the growing season (WILLIAMS 1990) . This is in agreement with KOHÁN's (1999) trials in Slovakia which show that the best soil types for growing black walnut trees are sandy, medium-heavy loamy and heavy-textured clay-loamy to clayey soils with slightly acid, neutral or weakly alkaline reactions. Internal drainage and depth to gravel are highly important site characteristics for black walnut. On well-drained soils trees are larger in dbh than trees growing on imperfectly drained soils (WILLIAMS 1990) . Walnut is common on limestone soils and grows especially well on deep loams, loess soils, and fertile alluvial deposits along streams and bottomlands (but not on wet or saturated bottomlands or extremely dry, sandy soils of ridges). It can also grow on coves, lower slopes and agricultural soils (www.museum.state.il.us; www.fs.fed.us; www.exnet.iastate.edu; WILLIAMS 1990). According to WILLIAMS (1990) and POKORNÝ (1953) walnut grows slowly or poorly on wet bottomland and on sandy or dry ridges and slopes, and especially on excessively wet, cold soils without drainage. In the Czech Republic, black walnut (Juglans nigra L.) has been planted on a restricted area of 320 ha. Black walnut is recommended as an alternative to oak at some floodplain sites and some Carpineto-Quercetum sites. KULYGIN (1990) presented data on the growth of Juglans nigra up to the age of 20 and 30 years in plantations in the Don region in Ukraine. The plantations were established at steppe sites, and were either pure or in mixture with other broadleaves (oak, ash, walnut, robinia, maple [Quercus robur, Fraxinus sp., Juglans regia, Robinia pseudoacacia, Acer spp.]). The best method of establishing plantations was spring planting of seedlings 1 or 2 years old, at spacings of 3 × 1.5, 3 × 2 and 2.5 × 2 m. The best associate species are Acer spp. and Tilia cordata; Quercus robur is also possible. Robinia pseudoacacia and Fraxinus excelsior suppress Juglans nigra, and J. regia grows very poorly with Juglans nigra.
CONCLUSIONS
When compared with pure oak or black walnut stands, mixed stands with natural species composition and mixed stands of black walnut and linden showed higher sum of leaf fall, more favourable soil chemistry and certain microbial characteristics. The annual sum of leaf fall in the analysed stands ranged between 2.2 and 3.5 t per ha. Upper layers of soil to a depth of 10 cm had a predominantly loamy texture, crumb structure and balanced physical properties. Soil reaction was neutral, an evident shift of pH values towards acid reaction was detected in the alluvium of the Jihlava river and generally under oak monocultures. The adsorption complex of the analysed soils was markedly saturated and the available nutrients were sufficiently abundant. Long-term black walnut cultivation in comparable stands did not result in a dramatic deterioration of the respective soil production potentials. Generally more favourable parameters were detected in mixed stands with additional soil-improving species.
V České republice je ořešák černý (Juglans nigra L.) pěstován v lesních porostech pouze na jižní Moravě -na Lesním hospodářském celku Židlochovice, Lesním hospodářském celku Strážnice a na Lesní správě Znojmo. V těchto lokalitách byla tímto druhem introdukované dřeviny nahrazena původní společenstva Ulmeto-Fraxinetum. Celková výměra ořešákových porostů v rámci České republiky, na nichž hospodaří podnik státních lesů -Lesy České republiky, dosáhla 526 ha redukované plochy. Porosty byly zakládány pomocí síjí a pěstují se buď jako monokultury, nebo jako smíšené, se spodní etáží lípy srdčité (Tilia cordata L.). Podle údajů lesního hospodářského plánu činí celková výměra porostů ořešáku na Lesním hospodářském celku (LHC) Židlochovice 258 ha porostní půdy (redukovaná plocha). Téměř tři pětiny (154 ha) z rozlohy porostů ořešáku se nacházejí v aluviu řek Svratky a Jihlavy. Zájem o pěstování této dřeviny vyvrcholil ve čtyřicátých a padesátých letech minulého století. Nejstarší výsadby do lesních porostů na jižní Moravě proběhly na počátku 19. století, v aluviu Svratky a Jihlavy potom koncem 19. století.
Ořešákové porosty byly zakládány více než z 80 % na stanovištích odpovídajících zařazení do souboru lesních typů 1L -jilmový luh. V rámci tohoto souboru lesních typů jsou nejvíce zastoupeny lesní typy Ulmeto-Fraxineta
